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ABSTRACT
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Thereis increasinginterestin measuringpharmacoki-
neticparametersofphenylpropanolamine(PPA),a sym-
pathomimeticamineusedin over-the-counternasalde-
congestantsandanorecticformulations.
A high pressureliquidchromatographic(HPLC) pro-
cedurewasdevelopedto enabledirectultravioletdetec-
tionofPPA, afterextractionfromserumandurine,with-
outpriorderivatizationofthedrug.Thismethodwasused
toassaysamplesobtainedfromabioavailabilitystudyof
BUBtained-releasePPA tablets.Themeanserumandurine
profilesobtainedarepresented.
Thesustained-releasetabletsweresubjectedtodissolu-
tion testingutilizingtheUnitedStatesPharmacopoeia
(USPXIX) rotatingbasketmethod.An internalstandard
wasincorporatedintothedissolutionfluidtoenabledirect
analysisofthesamplesbyHPLC. A comparisonofthree
differentdissolutionfluidregimenswascarriedouttode-
termineif releaseofthedrugwasaffectedbythechange
in pH of themediumandto selectthemostconvenient
methodfor the final dissolutionstudies.
Somepreliminaryobservationsrelatingtocorrelations
betweenrateof drugreleasefromthesustained-release
dosageformandpercentdrugabsorbedarepresented.
Introduction
Phenylpropanolamine(PPA), a sympathomimeticamine
structurallyrelatedtoephedrine,iswidelyusedasacom-
ponentin over-the-counternasaldecongestantandano-
recticmedications(1).It has,however,beenthefocusof
muchcontroversyduetodoubtsconcerningtheefficacyof
thedrugin itsuseasananorecticagent(2,3)anddueto
thesideeffectscausedbythehigherdosesofPPA required
for appetitesuppression(4,5).Manyof thepreparations
containingPPA aresustained-releaseformulationsand
thereis increasinginterestin measuringbloodconcentra-
tionsandevaluatingpharmacokineticparametersofPPA.
ThemostwidelyusedmethodofdeterminationofPPA
in biologicalfluidshasbeengas-liquidchromatography
(GLC), as this providesthe sensitivityrequiredto
measurethelevelsofPPA foundin biologicalfluidsafter
theadministrationoftherapeuticdoses.Derivatives. uch
astheheptafluorobutyrylderivative(6)andthepentafluo-
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rophenyloxazolidined rivative(7)havebeenusedtode-
terminePPA in plasmabyGLC. Urinelevelshavebeen
determinedby nitrogen-selectiveGLC afterextraction
fromalkalineurine (8).
ThemajorprobleminvolvingtheuseofHPLC fordeter-
miningPPA in serumandurinehasbeenlackofsensitiv-
ity in thedetectionof thedrug,asPPA hasa relatively
lowmolarabsorptivity.Mason(9)overcamethisby ex-
tractingfromplasmaandderivatizingPPA witho-phtha-
laldehydetoforma highlyfluorescentproductandusing
fluorescencedetectionwithwhichhewasabletoquanti-
tateas little as 5 nglmlPPA in plasma.
Themethodofextractionandsubsequentd~termination
byHPLC reportedhereissimple,rapidandprecise.Node-
rivatizationisnecessaryandconcentrationsofPPA canbe
determinedownto25nglmlin serum.Themethodwas
appliedtobothurineandserum.In addition,anHPLC
methodwasalsoutilizedtodeterminethedissolutionrate
of PPA froma solidoral dosageform.
Experimental
....
In vitrodissolutionstudieswerecarriedoutonsustained-:
releasetabletscontaining150mgphenylpropanolamine:
hydrochloride.Simulatedintestinalfluid(pH7.2j: 0.05) :
waspreparedcontainingthe internalstandard,pheny- :
lephrinehydrochloride(PEP) (0.5mg/ml), :.
TheUSPXIX rotatingbasketapparatuswasused,with:
eachbeakercontaining500mldissolutionfluidwhichwas :
maintainedat 37°C.A singletabletwasplacedin each:
basketandrotationat100rpmwasimmediatelyinitiated. :
Aliquotswerewithdrawnatspecifiedtimesfromthesame:
pointwithinthebeakerwitha 1mlpipette.Therewasno :
replacementof dissolutionmedium,butthedecreasein :
volumewascompensatedforin thecalculationofresults. :
Six tabletsweretestedto determinetheir dissolution:
characteristics. :.
(a) Dissolution rate determinations
A calibrationcurvewasconstructedusingllve different:
concentrationsofPPA hydrochloridemadeupwiththein- :
ternalstandardsolution.Tabletpuritywasalsotested:
usingHPLC. ~ :
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: (b)Analysis of serumand urine.
: Similarextractionmethodswereusedforbothserumand
: urineandinvolvedchloroformextractionfroma sample: adjustedtopH10withasaturatedsodiumcarbonatesolu-
: tion.Theinternalstandardsolution(ephedrinehydrochlo-
: ridein water)was'addedtothecontentsofthetubeprior
: toextraction.PPA wasthenback-extractedfromthechlo-: roforminto5%v/vaceticacid.Aliquotsoftheaceticacid
: extractwereinjecteddirectlyontoa reverse-phaseCIs
: column(WatersAssociates)anddetectedat220nm.Cali-
: brationcurveswereestablishedusingfivedifferentcon-: centrationstocovertheexpectedrangesandspikedsam-
: pIestreatedin exactlythe samemanneras above.
: A bioavailabilitystudyinvolvjng6normal,healthyvol-
: unteerswasundertaken.Eachvolunteerreceivedonesus-
: tained-releasetabletcontaining150mgPPA hydrochlo-: ridefollowinganovernightfast.Bloodandurinesamples
: werecollectedat specifiedintervalsandrepresentative
: samplesoftheurinewerefrozenimmediately.Theserum: wasseparatedbycentrifugationandfrozenuntilanalysis...
: Resultsanddiscussion.
-:. (a) Dissolutionrates
; The tabletswerefoundto contain98%of the stated: amountof PPA hydrochloride.
: Analysesof the dissolutionsamplesby HPLC were
: rapidandprecise.Theincorporationoftheinternalstan-
: dardin thedissolutionfluidenabledthesampletobein-: jecteddirectlyontothecolumnwithoutanypretreatment
: suchasextractionorderivatizationofthedrug.Theinter-
: nalstandardalsocompensatedforinaccuraciesassociated
: with failureto removeprecisesamplevolumes.: No in vitrodissolutionparametersarespecifiedforsus-
: tained-releaseformulationsofPPA (pKa9,4)but it has
: beenfoundthatfreelysolubledrugswithapKavalueof8
: to10haveproducedsatisfactoryin vivoresponsesif their
: in vitro releaserates approximatedthe following: 20 -: 40% releasewithin the first V2hour, 40 -40%within 2
: hours,60-80%upto4V2hoursandgreaterthan80%in7
: hours(11).Themeanprofileof6tabletshowninFigure1: canbeseentofollowthispatternofreleasesatisfactorily.....
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Fig. 1:Theaveragedissolutionprofileof sixsustained-
releasephenylpropanolaminetablets(150 mg)......
: (b) Analysis of serum and urine
: The back-extractionavoidsthe lengthyprocedureof
: evaporatinglargevolumesoftheorganicextracttodryness
: andsubsequentreconstitution,but still enablesconcen-
: trationof the extract.The percentagerecoveryof PPA: frombothurine andserumwasapproximately80%.
: Reportshavesuggestedthatnosignificantmetabolism
: ofPPA occurs(12),sointerferencebymetaboliteswasnot
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a problem.No otherinterferingpeaksin thechromato-
gramwereencountered.Calibrationcurveswerefoundto
be linearoverthe entireconcentrationrangesstudied.
Reverse-phasepairedionchromatographyusing1-hep-
tanesulphonatesodiumasthepairingagentwasutilised
forall determinations.Themethodwassensitivenough
toallowdirectUV detectionat awavelengthof220nm.
Figure2 representsthemeanserumconcentration-time
curve.Figure2peakbloodlevelsoccurred4to6hoursafter
ingestionof the tabletwith maximumconcentrations
varying.between210to410ng/mlofserum.Themeancu-
mulativeurinaryexcretionprofileafteringestionof the
PPA tabletis depictedin Figure3.RecoveryofPPA from
theurineafter24hoursrangedbetween67to70%ofthe
unchangedrug.
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Fig.2:Theaverageserumlevelsobtainedfromsixsubjects
aftertheingestionof onesustained-releasephenyl-
propanolaminetablet(150mg).
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Fig. 3: The averagecumulativeurinaryexcretionprofile
obtainedafteradministeringonesustained-release
phenylpropanolaminetablet(150mg)toeachofsix
subjects.
(c) ln vitro- in vivocorrelations
ln vitrodissolutiondataareextremelyusefulas anad-
juncttooralsoliddosageformdevelopment.Althoughsev-
eralin vitroparametershavebeendescribedandserveas
usefulcriteriafortheassessmentofdrugreleasecharac-
teristics,attemptsto correlatethesewith in vivoperfor-
manceleavemuchto be desired.
Whereasvariousempiricalequationsandstatistical
treatmentshavebeenreportedin theliterature,mostof
thesesuffer from various limitations.Langenbucher
(13,14)andrecentlyRiegelmanandUpton(15)havede-
scribedtheutilityoftheWeibullfunctionforin vitro- in
vivocorrelations.
Dissolutiondatawerefittedto the Weibullequation
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whichcanbeseenin Figure4andthe4variablesestimated
by iterationonan ICL computer,i.e.Foo,to,tdandB.
Figure5depictstheobservedissolutionratedataandthe
predictedvaluesascalculatedfromtheWeibullequation
obtainedfromtheaverageof6 tabletsusingtheoffidal
rotatingbasketmethod.Figure5ascanbeobservedthefit
is excellent,with a correlationcoefficientof 0.9990.
In vivodatafromthebioavailabilitystudydescribed
previouslywereevaluatedusingtheWagner-Nelsonde-
[ (
toto
)
~
]F =F'" 1 -e- ~
F =fractionof thedosedissolvedat timet
F'"=amountdissolvedatinfinitetime
t =time
10 = thelagtimefordissolutionafterdisintegration
~ = meandissolutiontime
~ =shapeparameter
Fig. 4: Weibullequation.
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Fig. 5: TheaveragedissolutionprofileandWeibullfunction
fit for six sustained-releasephenylpropanolamine
tablets(150mg).ThesolidcurverepresentstheWei.
bull fit to the data.
AT
V - Cr+KIT C.d'
AT =amountofdrugwhichis absorbedbetween
time0 andT
V =volumeof distribution
CT = concentrationC at timeT
Fig. 6: Wagner-Nelsonequation
SA PharmaceuticalJournal- October1982
0
convolutionwhichcanbeseeninFigure6.Absorptionrate :
datadeterminedfromtheaboveequationwereusedto :
generatepercentageabsorbedversustimeplots.These:
dataweresubsequentlyalsofittedaccordingto theWei- :
bulldistributionfunctiontoseeif it isasusefulindescrib-:
ingtheabsorptionrateprocessasforthedissolutionrate :
process.Thefit canbeseenin Figure7.Thereis slightly:
morescatterabouthepredictedvaluesascalculatedfrom:
. theWeibullfunctionfit tothedata,butthefit isstillgood, :
with a correlationcoefficientof 0.9933. :
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Rg.7: Wagner-Nelsonanalysisof theaverageserumcon- .
centration-timecurve after administeringone sus- :
tained-releasephenylpropanolaminetablet(150mg) :
to eachof sixsubjects. .
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0..
It is thus seenthat the in v.., () dissolutionrate process:
for this particular PPA sustained-releaseformulationis :
well describedby the Weibull equationandthat utilizing:
the appropriatedeconvolutionprocedure,the resultant:
percentabsorbedversus time plot can be successfully:
fitted to the same function. -:
Critical stepsin the processof in vivodrugreleasemay:
thereforepossiblybe identified by comparisonof the in :
vitro and in vivo parameters. :. :
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